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TABLE 6.2   Ores of Major Mississippi Valley-Type Deposits of the United States


	
	Ore Production Plus Reserves
	Average
	Ore Grade


	
	(millions of
	
	

District
	Dimensions
	metric tons)
	%Pb
	% Zn

Austinville, Va.
	10 km long
	25
	0.7
	3.7

Eastern Tennesseee
	25 km long ,
	50
	Minor
	4.0

IllinoisnWisconsin
	10,000 km2 \
	100
	0.5
	5.0

Southeast Missouri
	Several
	340
	3.0
	Minor

(Old Lead Belt)
	hundred km2
	
	
	

Southeast Missouri
	72 km long
	Several
	6.0
	1.0

(Virburnurn Trend)
	5 km wide
	hundred
	
	

Tri-state
	5000 km2
	500
	0.6
	2.3

(Doe and Zartrnan, 1979). They further suggest that the ore
metals were extracted from sedimentary rocks along their flow
paths. This offers an explanation for the widely variable Pb/Zn
ratios of these deposits in that shales or micaceous and argil-
laceous sandstones should contribute higher Zn contents and
feldspathic sandstones should contribute higher Pb contents
when leached by reduced ore solutions.

Mississippi Valley-type ores were deposited in two different
environments. Some are formed syngenetically in submarine,
nearshore facies, as in argillaceous carbonates or carbonate-
rich shales at Mirgalimsai, Kazakhstan (Smirnov, 1977). More
common are those in near-syncline shelf carbonates as in the
epigenetic ores of southwest Wisconsin. Because reefs develop
in coastal waters, these rocks are occasional hosts for ore dep-
osition, as in southeast Missouri and Pine Point. Gravity "thrust"
faulting is not uncommon in such nearshore facies of subsiding
basins, so it is not surprising that such post-ore faults occur in
the host rocks of some of these deposits, such as Mirgalimsai
and Appalachian deposits. These environments are shown sche-
matically by Figure 6.3.

The mineralogy of the ores restricts possible transport geo-
chemistries. Ubiquitous early dolomitization preceding sulfide
deposition is consistent with the high Mg content characteristic
of solutions present during initial diagenesis of marine sedi-
ments. Common corrosion of galena and sphalerite, most ob-
viously along growth bands, shows that the degree of saturation
of the ore solution changed frequently and that the depositional
reactions were easily reversible, implying thereby that rapidly
reacting aqueous complexes were responsible for ore transport.
Thermodynamic evaluation of the mineral assemblages present
(Giordano, 1978) suggests that the saline ore solution contained
S dominantly as bisulfide but that neither bisulfide complexes
nor chloride complexes provide adequate solubilities to account
for transport of galena; consequently, we recognize that organic
complexes of Pb may have been dominant. With currently
available data, complexing of Zn may be by either bisulfide or,
perhaps, organic ligands but not by chlorides. The constancy
in thickness of synchronous growth layers within all crystals of
the well-banded sphalerites throughout the Southwest Wis-
consin District indicates that at any one stage of deposition,
the concentration in the ore solution and the rate of deposition

were virtually the same throughout this district. Therefore,
deposition sufficient to reach ore grade was not caused locally
by exceptionally high concentrations in the ore solution nor by
an unusually long period of deposition but by simultaneous
deposition at an unusual concentration of sites (McLimans et
al, 1980).

Causes of ore deposition are implicit in ore textures and
mineral distribution. The paragenetically late occurrence of
barite with and above the ores suggests that oxidation accom-
panied deposition. The alteration of clays to microcline plus
sericite (Heyl, 1968) along ore channels and the alkali content
of fluid inclusions in the ores implies that the ore solutions
were weakly alkaline during transport. However, common dis-
solution of host carbonates during ore deposition demonstrates
that at this stage the solutions had become acidic. The reactions
accompanying oxidation of a bisulfide solution may both pre-
cipitate sulfide and increase acidity. Such oxidation could be
caused by mixing of the reduced ore solution with oxygenated
groundwaters. This hypothesis is supported by the variability
in D/H in fluid inclusions in the ores (McLimans, 1977) and
also by the narrow vertical interval of 15-60 m within which
the Wisconsin and most other such ores were deposited.

Because this evolving model still contains some unyielding,
serious gaps in general understanding and in precise definition
of the genetic process, it remains only a general guide for
mineral exploration. For example, it is not yet certain which
complexes are responsible for the transport of the metals of
these deposits nor, correspondingly, which are the specific
causes for their deposition (Barnes, 1979). Similarly, the rea-
sons for the large variation in Pb/Zn contents of these ores
remains unresolved. We are also uncertain as to the stage of
basin evolution when (and if) ore solutions are released. The
duration of the ore-forming processes is approximated only on
the basis of dispersion gradients that indicate mineralization in
Wisconsin required 250,000 years to form major ore bodies
(Lavery and Barnes, 1971). This is a short period compared
with that required for dewatering of more recent sedimentary
basins, where most flow of solutions seems to have taken place
during an interval about 5-10 m.y. after deposition of the basin
sediments. If the duration of ore-^solution flow were better
fixed, then we would know precisely in what age of carbonates,